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Translation 

International Patent Application No. PCT/EP2004/011352 

The invention relates to a method and a device for 
5 measuring radio-interference levels. 

The use of increasingly high transmission frequencies in 
mobile-telephone technology and increasingly high clock 
frequencies in data technology is associated with ever 

10 more stringent requirements regarding the electromagnetic 
compatibility (EMC) of electronic devices and systems in 
these fields. A high-quality EMC measuring technique for 
accurate and reliable identification and characterisation 
of electromagnetic interference can be regarded as an 

15 essential requirement for an optimised, EMC-compatible 
design of electronic devices and systems of this kind. 

Alongside a high degree of measurement accuracy over a 
wide bandwidth up to the maximum frequency range, 
20 advanced measurement functions, such as signal statistics 
and measuring power and noise in the time and frequency 
domains, represent essential specifications for high- 
quality EMC-measuring technology. 

25 While the principal strength of spectrum analysers in EMC 
measurement is in rapid frequency measurement up to the 
maximum frequency range, the practical advantage of 
measurement, receivers can be seen, by contrast, in the 
high-precision calculation of computation- intensive 

30 measurement functions. 

The respective strengths of the two devices can be 
bundled in one system through the systems-technological 
combination of a spectrum analyser and a measurement 



receiver in an EMC-measuring station. DE 38 17 500 CI 
discloses a system of this kind, wherein the required 
frequency range is adjusted via a spectrum-analyser 
function, the measured voltage level is compared at every 
measuring frequency with a limit value, and the voltage 
level associated with the measuring frequency is marked 
as a radio-interference voltage, if the limit value is 
exceeded by the measured voltage level. As soon as a 
radio-interference voltage is identified in this manner, 
the system switches from the spectrum-analyser function 
to the measurement-receiver function. In the measurement 
receiver-function, the radio-interference voltage at each 
measuring frequency is sampled several times with regard 
to its voltage level and characterised more accurately 
with regard to its runtime performance by the selected 
statistical -evaluation function . 



Especially in the context of a continuous EMC 
measurement, the disadvantage with this systems- 
technological combination of a spectrum analyser with a 
measurement receiver is the difficulty regarding the 
dynamic measurement of radio-interference voltages, of 
which the frequencies change over time. Drifting radio- 
interference voltages of this kind, as are generated, for 
example, by primary switched-mode power-supply units, can 
therefore, under some circumstances drift relatively 
quickly out of the measuring-frequency range of the 
measurement receiver and are therefore lost to the 
measurement receiver with regard to a more accurate 
analysis of their runtime performance. 



The invention is therefore based upon the object of 
further developing a method and a device for measuring 
radio-interference levels in such a manner that radio- 
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interference levels identified in the pre-measurement, 
which are variable in their frequency, are correctly 
detected and evaluated in the post-measurement, which 
follows the pre-measurement. 

5 

The object of the invention is achieved by a method and a 
device for measuring radio-interference levels with the 
features of claim 1 and claim 5 respectively. Since the 
mid-frequency of the spectrum analyser is matched, within 
10 the framework of the pre-measurement, to the frequency of 
the respective radio-interference voltage, and this 
frequency adjustment of the spectrum analyser is adopted 
by the measurement receiver in the post-measurement, it. 
can be guaranteed that the limited measuring-frequency 

15 range of the measurement receiver is tracked to the 

changed frequency of the respective radio-interference 
voltage, and that the respectively-identified radio- 
interference voltage comes to be disposed within the 
measuring-frequency range of the measurement receiver 

20 with regard to a correct runtime analysis. 

Advantageous embodiments of the invention are indicated 
in the dependent claims. 

25 In addition to detecting a frequency drift of the radio- 
interference voltage correctly, the method according to 
the invention and the device according to the invention 
for measuring radio-interference voltages can also 
correctly identify runtime changes in the voltage level 

30 of the radio-interference voltage and take these into 

consideration correctly in the frequency tracking of the 
measurement receiver. In this manner, it is possible to 
provide a correct detection and evaluation of variable- 
frequency and variable-amplitude radio-interference 



voltages using the method according to the invention 
the device according to the invention for measuring 
radio-interference voltages . 



and 



Several selectable evaluation functions, which allow a 
more exact analysis of the runtime performance of the 
radio-interference voltage in the post-measurement over a 
significantly longer evaluation time by comparison with 
the measuring runtime of the spectrum analyser, are 
preferably integrated in the measurement receiver. 



The method according to the invention and respectively 
the device according to the invention for measuring 
radio-interference voltages is not only designed for a 
single radio-interference voltage, but, using the 
spectrum analyser, allows the simultaneous identification 
of several radio-interference voltages within the 
framework of a pre-measurement , and, using the 
measurement receiver, also allows the subsequent 
evaluation of all identified radio-interference voltages 
in the post-measurement. 



The drawings illustrate a preferred embodiment of the 
invention, which is described in greater detail below. 
The drawings are as follows: 



Figure 1 shows a circuit diagram of an exemplary 

embodiment of a device according to the 
invention for measuring radio-interference 
voltages ; 



Figure 2 



shows a flow chart for the method according to 
the invention for measuring radio-interference 
voltages; and 



Figure 3 shows a graphic representation of an exemplary 

result from the method according to the 
invention and/or from a device according to 
the invention for measuring radio-interference 
voltages . 



The method according to the invention and respectively 
the device according to the invention for measuring 
radio-interference voltages are presented in Figures 1 to 
3. 



In this patent application, the terms radio-interference 
voltage and measuring voltage are used in the generally- 
applicable sense of radio-interference level and 
measuring level. This means not only voltage in the 
narrower sense as a measurement parameter but also refers 
to other measurement parameters, such as field strength, 
currents etc., which characterise the measurement signal. 
The terms voltage, measuring voltage, radio-interference 
voltage etc. can therefore be interchanged freely with 
level, measuring level or radio-interference level. 



As shown in Figure 1, any arbitrary useful signal and/or 
interference signal is received via an antenna 1 of the 
device according to the invention for measuring radio- 
interference voltages, which is positioned at a given, 
selectable measuring position. On the condition that the 
device according to the invention for measuring radio- 
interference voltages is positioned at a measuring 
position, at which no useful signals occur, only a noise 
signal will be received by the antenna 1 during 
undisturbed operation. Whenever radio interference 
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occurs, this is received by a high-frequency unit. 2 via 
the antenna 1. 

Conversion to the intermediate frequency takes place in 
5 the subsequent first mixer 3. For this purpose, a first 
local oscillator 4, of which the frequency can be tuned, 
is adjusted over the entire measuring-frequency range of 
the device according to the invention, preferably using a 
specified, adjustable frequency grid. With this first 

10 local oscillator 4 adjusted with regard to a given 

frequency grid within the specified, measuring-frequency 
range, the frequency spectrum of the received high- 
frequency radio-interference voltage, together with the 
superimposed high-frequency noise voltage, is converted 

15 in the first mixer 3 into an intermediate-frequency 
range . 

In the intermediate-frequency unit 5, various signal- 
processing functions (for example, filtering 

20 linearisation etc.) are implemented with the 

intermediate-frequency signal . The intermediate-frequency 
signal is converted into the baseband in the subsequent 
second mixer 6. The carrier frequency for the conversion 
into the baseband is generated by a second local 

25 oscillator 7 with a fixed frequency. 

Undesirable high-frequency components, which are disposed 
outside the measuring-frequency range or outside any 
under-f requency ranges which may have been selected, are 
30 removed from the baseband signal in a subsequent low-pass 
filter 8. In the analog-digital converter, the analog 
measuring voltage is transformed into the digital data 
format. The absolute-number formation of the digitised, 
time-variable measuring voltage is implemented in the 



absolute-number former 10. The digitised, time-variable 
measuring voltage is logged in the log unit 11 to provide 
a semi-logarithmic presentation of the measured result. 

Access to the signal is visualised through the symbolic 
switch 12. For this purpose, the switch 12 receives a 
control signal from a superordinate control unit 17, 
which determines the time of access. During the access, 
the digitised voltage level of the measuring voltage is 
registered in a detector 13. 

The digitised voltage level of the measuring voltage 
registered with the detector 13 is read in by the 
microcomputer 14. The measuring voltage, consisting of 
the radio-interference voltage and the superimposed noise 
voltage, is measured, by means of the functional 
spectrum-analyser unit 15 of the microcomputer 14, over 
the entire adjustable measuring-frequency range in the 
adjustable frequency grid. For this purpose, the 
frequency of the first oscillator 4 is adjusted 
successively by the superordinate frequency and sampling 
control unit 17 of the microcomputer 14 over the 
adjustable measuring-frequency range within the 
adjustable frequency grid in order to record the 
frequency spectrum of the measuring voltage. The access 
to the digital measuring voltage, which is synchronous to 
the rate of frequency variation over the first measuring 
runtime, is also implemented by the superordinate 
frequency and sampling control unit 17. In the functional 
spectrum-analyser unit 15, the voltage level measured for 
each measuring frequency is compared with an adjustable 
limit value, and the measured voltage level is marked as 
the radio-interference voltage, if the limit value is 
exceeded by the measured voltage level. The voltage 
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levels of the measured signal detected at the individual 
measuring frequencies within the measuring-frequency 
range, including the identified radio-interference 
voltage levels, are placed into intermediate storage in 
the memory 18 . 

After the measurement of the frequency spectrum of the 
measuring voltage over the entire measuring-frequency 
range has been completed by the functional spectrum- 
analyser unit 15, operation of the system is switched 
over to the functional measurement-receiver unit 16 by 
means of a superordinate process control unit integrated 
in the microcomputer 14, which is not illustrated in 
Figure 1. Within a measuring-frequency range of the 
functional measurement-receiver unit 16, which is 
generally smaller than the adjustable measuring-frequency 
range of the functional spectrum-analyser unit 15, a more 
accurate analysis of the runtime performance of the 
individual, identified radio-interference voltages over 
several access times is implemented in the functional 
measurement-receiver unit 16 within the framework of a 
second measuring runtime. The measurement and the 
evaluation results from the functional measurement- 
receiver unit 16 are also placed into intermediate 
storage in the memory 18. 

All of the measurement results are displayed graphically 
in a presentation device 19, for example, a display, for 
visualisation and subsequent discussion of the results. 

In the first procedural stage S10, in an initial pre- 
measurement, which is performed by the functional 
spectrum-analyser unit 15, the method according to the 
invention for measuring radio-interference voltages, of 



which the procedural stages are presented in the flow 
chart in Figure 2, implements an initialisation of the 
measuring frequency of the device according to the 
invention as shown in Figure 1, for example, with the 
lower frequency range selected by the user of the 
measuring-frequency range to be measured. 

In the next procedural stage S20, the voltage level of 
the measuring voltage, consisting of the radio- 
interference voltage and superimposed noise voltage, is 
detected at the selected measuring frequency within a 
first measuring runtime. The respectively-measured 
voltage level is compared in procedural stage S20 with a 
limit value selected by the user. The limit value is 
conventionally a value, which is constant over the entire 
measuring-frequency range and which is placed over the 
entire measuring-frequency range as a marker. In 
principle, however, the use of a limit-value 
characteristic, which is variable over the entire 
measuring-frequency range, is also possible. 

If the voltage level of the measuring voltage, measured 
at the respective measuring frequency, exceeds the limit 
value, the measuring voltage at this measuring frequency 
is marked as a radio-interference voltage, and the set 
measuring frequency is established as the mid-frequency 
for a subsequent post-measurement. If the limit value is 
exceeded by the measuring voltage over a given frequency 
range in the context of a broadband radio-interference 
voltage, the respective mean frequency is determined by 
the functional spectrum-analyser unit 15 and established 
as the mid-frequency. 
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In procedural stage S30 , all of the voltages measured in 
procedural stage S20 at the individual measuring 
frequencies are stored together with their associated 
voltage levels and frequencies and, if the limit value is 
exceeded, with their mid-frequency and the marking as a 
radio-interference voltage . 

If the value of the measuring frequency is below the 
upper limit frequency, selected by the user, of the 
measuring-frequency range to be measured, the measuring 
frequency is increased by one frequency-grid increment, 
and a new level measurement is implemented in procedural 
stage S20 with the new measuring frequency. 
Alternatively, a continuous measurement (sweep) can be 
implemented . 

Once the set measuring frequency has reached the upper 
limit frequency of the measuring-frequency range selected 
by the user, the pre-measurement in the functional 
spectrum-analyser unit 15 is complete. The method now 
switches into the operating mode for the post- 
measurement, which is implemented by the functional 
measurement-receiver unit 16. 

In procedural stage S60, in a second measuring runtime, 
which extends over a given, adjustable number of access 
times and is significantly longer than the first 
measuring runtime of the functional spectrum-analyser 
unit 15, the voltage level of the measuring voltage is 
measured for each of the radio-interference voltages 
marked in the pre-measurement by the functional spectrum- 
analyser unit 15. In this context, the measuring- 
frequency range of the functional measurement-receiver 
unit 16 is selected in such a manner that the mid- 
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frequency determined by the functional spectrum-analyser 
unit 15 for each marked radio-interference voltage is 
used as the mid-frequency of the respective measuring- 
frequency range for the post-measurement. On the basis of 
the cyclical repetition of the post-measurement and the 
pre-measurement , the mid-frequency of the post- 
measurement is tracked to the mid-frequency of the marked 
radio-interference voltage identified in the pre- 
measurement, thereby allowing a dynamic measurement of a 
variable-frequency radio-interference voltage . 

In the next procedural stage S70, a more accurate 
analysis of the runtime performance of the radio- 
interference voltage is implemented with a calculation 
function, selectable by the user, on the basis of the 
voltage levels of the measuring voltage measured at the 
individual access times. This analysis extends over the 
measuring-frequency range of the functional measurement- 
receiver unit 16 with the mid-frequency of the respective 
radio-interference voltage determined by the functional 
spectrum-analyser unit 15 as the mid-frequency of the 
measuring-frequency range. In this context, the following 
functions, by way of example, can be selected by the user 
as evaluation functions: 

- Sample function: identification of the momentary 
voltage level of the radio-interference voltage; 

- Max-peak function: identification of the maximum 
voltage level of the radio-interference voltage; 

- Min-peak function: identification of the minimum 
voltage level of the radio-interference voltage; 

- Quasi-peak function: evaluation, which evaluates the 
interference capacity of the signal; 
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- Average function: linear averaging of the sampled 
voltage levels of the radio-interference voltage; 

- RMS function: quadratic averaging of the sampled 
voltage level of the radio-interference voltage. 

In procedural stage S80, the voltage-level functional 
values determined by the respectively-selected evaluation 
functions for all of the measuring frequencies within the 
measuring-frequency range of the functional measurement- 
receiver unit 16 associated with the respective radio- 
interference voltage are stored as the results of a more 
accurate runtime analysis of the radio-interference 
voltage . 



If all of the radio-interference voltages marked by the 
functional spectrum-analyser unit 15 have not yet been 
accurately measured by the functional measurement- 
receiver unit 16 in the context of the post-measurement, 
a more accurate measurement of the runtime performance 
for the next radio-interference voltage not yet measured 
in the post-measurement takes place in procedural stage 
S60 by setting the mid-frequency of the measuring- 
frequency range of the functional measurement-receiver 
unit 16 to the mid-frequency determined by the functional 
spectrum-analyser unit 15 of the radio-interference 
voltage to be measured subsequently, and a repeated 
sampling of the voltage levels of the radio-interference 
voltage to be measured is implemented within the set 
measuring-frequency range of the functional measurement- 
receiver unit 16. 



When all of the radio-interference voltages marked 
functional spectrum-analyser unit 15 in the pre- 
measurement have been measured more accurately and 



by the 
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analysed by the functional measurement-receiver unit 16 
in the post-measurement, the method according to the 
invention for measuring radio-interference voltages is 
switched back by the superordinate process control unit 
to the pre-measurement by the functional spectrum- 
analyser unit 15, unless the user intends to quit the EMC 
measurement. In the pre-measurement, which is now 
repeated in procedural stage S10, the measuring frequency 
of the spectrum analyser is set to correspond to the 
lower limit frequency of the measuring-frequency range to 
be measured. 

Figure 3 shows an exemplary measuring result of a 
measurement of the radio-interference voltage as 
presented on a display device 19. In the upper region 20 
of the display, which is reserved for the results of the 
post-measurement, the voltage level values and frequency 
values are presented as an evaluation using the quasi 
peak and average function with a determined mid- 
frequency, in the example, approximately 99.4 MHz, for an 
identified radio-interference voltage. In the lower range 
21 of the display, the frequency spectrum of the radio- 
interference voltage, including the adjacent noise 
voltage in the measuring-frequency range of the 
functional spectrum-analyser unit 15 with the determined 
mid-frequency of the radio-interference voltage, is 
presented as the mid-frequency of the measuring-frequency 
range used. The results of the pre-measurement and post- 
measurement can be presented in a similar manner for the 
remaining identified radio-interference voltages. The 
spectral characteristic of the evaluation function, in 
the example, the quasi-peak and average functions, can 
additionally be presented in the lower region 21. 
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The essential point is that a frequency adjustment takes 
place with every post-measurement. In the context of a 
post-measurement, a new maximum value is stored and/or 
the previously-stored maximum value is overwritten, if i 
is greater than all previously-registered maximum values 
The frequency value associated with this new maximum 
value is also stored. 

The invention is not restricted to the exemplary 
embodiment described. Any of the functions and elements 
described can be combined with one another as required. 



